Hospital admissions are the source of significant health care expenses, although a large proportion of these admissions can be avoided through proper management of chronic disease. In the present study, we evaluate the impact of a proactive chronic care management program for members of a German insurance society who suffer from chronic disease. Specifically, we tested the impact of nurse-delivered care calls on hospital admission rates. Study participants were insured individuals with coronary artery disease, heart failure, diabetes, or chronic obstructive pulmonary disease who consented to participate in the chronic care management program. Intervention (n ¼ 17,319) and Comparison (n ¼ 5668) groups were defined based on records of participating (or not participating) in telephonic interactions. Changes in admission rates were calculated from the year prior to (Base) and year after program commencement. Comparative analyses were adjusted for age, sex, region of residence, and disease severity (stratification of 3 [least severe] to 1 [most severe]). Overall, the admission rate in the Intervention group decreased by 6.2% compared with a 14.9% increase in the Comparison group (P < 0.001). The overall decrease in admissions for the Intervention group was driven by risk stratification levels 2 and 1, for which admissions decreased by 8.2% and 14.2% compared to Comparison group increases of 12.1% and 7.9%, respectively. Additionally, Intervention group admissions decreased as the number of calls increased (P ¼ 0.004), indicating a dose-response relationship. These findings indicate that proactive chronic care management care calls can help reduce hospital admissions among German health insurance members with chronic disease.
Introduction
C hronic disease is a worldwide epidemic that has dramatic consequences for both quality of life and the economy. Patients who do not appropriately manage their chronic condition(s) are prone to acute events that require hospital admissions, a primary driver of health care expenditure. 1 Further, upon discharge from the hospital, patients often do not receive the necessary education and follow-up to prevent otherwise avoidable readmissions. [2] [3] [4] The widespread need for enhanced care and support measures for individuals with chronic disease led to a new arena of health care-chronic care management (CCM), defined as coordinated health care interventions and communications for populations with conditions that require significant self-care efforts. 5 Proactive CCM has been widely adopted as a means to improve quality and thereby reduce unnecessary health care utilization and expenditure. In Germany, legislation enacted in 2002 made disease management (DM) a key component of system-wide health care reform and was a first step toward introducing morbidity as a factor in risk-structure adjusted compensation to sickness funds. 6, 7 In the context of Germany's statutory health insurance (SHI) system, DM has a governmentdefined framework that includes physician adherence to specific evidence-based guidelines and improved coordination among providers. 8 This approach is somewhat different from the programs provided by private insurers, which typically use multiple modalities (ie, telephone and Internet) to interact with patients as a complementary service to primary care. 9 Such programs provide additional means to identify patients with unmanaged chronic disease, the flexibility to adjust to the needs of the member at any point in time, and reinforcement to support the physician's care plan between visits. 6 To expand health promotion and care management for its members beyond the scope of DM services available through the SHI system, a German private insurance company initiated a private CCM program in 2008. The program was designed specifically for this insurer using the framework of the domestic programs delivered by a US health management provider and included comprehensive patient-centered services that take into account the full scope of chronic conditions, risk factors, and behaviors to help individuals appropriately treat their conditions and manage their health.
The purpose of this study was to provide an initial evaluation of the therapeutic effect of the proactive chronic care program on hospital admission rates. The study design was constrained by numerous data limitations. First, members of this program were enrolled with the SHI system and private insurance, and only private insurance claims data were available for use in this study; therefore, it was necessary to choose outcome metrics for which we had a complete data set. Additional considerations included the retrospective nature of the study and the absence of data for a comparable nonparticipant group. Within the limits of available data, we chose a within-subject pre-post quasi-experimental design aimed at determining the impact of nurse-delivered care calls-the primary program intervention measure to members of the CCM program-on hospital admission rates.
Methods
The CCM program was designed to provide holistic support and care to members with chronic disease and was offered in addition to the SHI DM program. The program goals were to improve the quality of medical care and thereby decrease medical expenses and increase member satisfaction. The program focused on educating and empowering members to effectively care for their health with respect to their chronic disease(s). Specifically, the program addressed health-related behaviors, self-care measures, and adherence to standards of care. By helping program members better understand and manage their chronic conditions and providing regular support of their physicians' care plan, the program was designed to prevent or mitigate acute events and related hospitalizations stemming from these conditions.
Administrative medical claims and eligibility data were used to identify eligible members with 1 or more chronic conditions. Specific algorithms used in conjunction with diagnosis codes and drug medication codes were employed to identify eligible members with coronary heart disease (CHD), heart failure, diabetes, or chronic obstructive pulmonary disease (COPD). An active enrollment process was used to recruit members into the program. Members were initially contacted, typically by telephone, and invited to participate in the management program at no cost. Members had to formally agree (opt in) and supply informed consent to participate in the program. Insured members who chose to participate in the program were administered a Quick Screen (QS) survey that collected information about perceived health status, functional status, chronic pain, and number of hospital and emergency room visits in the last year. Members were categorized into 3 stratification levels using an algorithm that incorporated QS survey responses and available medical documentation of disease conditions. Stratification levels represented estimated disease severity, which ranged from 3 (least severe) to 1 (most severe), and was the primary factor used to determine the type and intensity of interactions with each member. Intervention modalities included telephonic care calls, mailed educational materials, and access to online support. Typically, care calls were scheduled outbound calls by nurses; however, all participants had the option to initiate inbound calls that also were considered in our analysis.
The CCM nurses used proprietary electronic management software to document all member medical information and care call interactions. The nature and content of care call interactions were tailored to the needs of the member, based on current data and historical documentation. The goals of the calls were to support appropriate care choices, provide advice on better self-management practices, and encourage positive health behaviors and adherence to care standards including regular physician visits, disease-appropriate testing, and medication adherence. To achieve these goals, the nurses were trained in the transtheoretical model of behavior change theory and practice, which matches the intervention to an individual's stage in the process of change. 10 Nurses were given discretion to recategorize a member's risk stratification (and associated frequency of telephonic call support) based on their assessment and clinical judgment of the member's support needs, thus providing the flexibility to adapt the program to unique member needs at the time of interaction. Given this program feature, the risk stratification of any given member was somewhat dynamic in nature, as was the frequency with which he or she received calls.
The program commenced operation on January 2, 2008. The first year of program operation starting from program commencement to January 1, 2009 was defined as the study period (Year 1). The comparison period defined for this study was from January 1, 2007 to January 1, 2008 (Base). Insured members who participated in the CCM program and were documented to have continuous health insurance plan enrollment from the beginning of the Base period to the end of the program Year 1 were eligible for inclusion in the study in alignment with contractually defined program evaluation criteria. Of the 25,064 program participants in Year 1, 24,629 met the continuous enrollment requirement. Of this group, 1642 members who lacked a valid stratification at the beginning of the program were excluded from the analysis, leaving a total of 22,987 members who were included in this study.
The comparison group was chosen in accordance with the limitations of available data. We were unable to identify a suitable comparison group of individuals who were similar to intervened members, but who did not participate in the CCM program and for whom we had the necessary data to conduct the study. In light of this constraint to our design, and as a means to minimize selection bias that might be magnified through comparisons to eligible members who were unwilling to participate in the program, members of both study groups were limited to program members who initially opted to participate in the program and were subject to the same eligibility requirements outlined above. Eligible individuals were grouped into intervened (Intervention; 340 HAMAR ET AL.
N ¼ 17,319) and non-intervened (Comparison; N ¼ 5,668) study groups based on their record of participating (or not participating) in program care calls during the study period.
Comparison group members received 1 or fewer calls (initial enrollment call only) and Intervention group members received 2 or more calls (1 or more care calls following the initial enrollment call). The retrospective nature of this analysis precluded the use of randomly assigned study groups; consequently, initial analysis showed the two study groups differed on multiple variables in the Base period, most notably the much higher rate of admissions at Base for the Intervention group compared with the Comparison group (Table 1) . Based on these observations, a pre-post study design was employed to allow evaluation of the change in admissions as opposed to absolute admission rate during the program year. The primary outcome metrics defined for the study were (1) annualized admission rate per 1000 in Base and Year 1, and (2) percent change in admissions between program periods. Although data tables present results as annualized admission rates, statistical testing was performed at the individual member level. Hospitalizations for which the admission and discharge date were the same were excluded because these likely represent admission for a treatment as opposed to an acute event.
In addition to overall comparisons of admission rate changes between study groups, subgroup analyses were also performed on individuals grouped by stratification level, sex, and disease group to determine the impact of these specific variables on this outcome. Further, smaller subgroups were created that were matched with respect to sex, stratification level, and state of residence to verify that results were broadly consistent across groups that were the same with respect to these variables; statistical testing was not performed on these small subgroups.
Data sources for the study included membership files with demographic, member eligibility, and disease diagnoses, as well as hospital data files that documented hospital admissions of insured members from 2006 through the end of 2009. Records from the CCM program included documented dates of all successful calls during which the member interacted with a CCM nurse. Members of both study groups were categorized based on their initial stratification level assignment in program stratification files at the time of enrollment. All data were de-identified to protect the privacy of participants.
Univariate statistical comparisons of aggregate-level study group attributes were performed using the Student t test for continuous variables and the chi-square test for categorical variables. Multivariate analyses using a generalized linear model were conducted to determine whether the intervention was a statistically significant predictor of a change in admissions from Base to Year 1 while controlling for differences in age, sex, state of residence, and stratification level. Additionally, a 3-level ordinal variable indicating the member's admission change status from Base to Year 1 (reduction, no change, increase) was used in ordinal logistic regression analyses to determine the impact of the intervention on study members' admission change status while controlling for covariates. This approach was also used to test the doseresponse relationship between number of calls and hospital admission rate changes. Data manipulation and analysis was performed using SAS 9.2 statistical software (SAS Institute Inc., Cary, NC).
Results

A comparison of all admissions (primary and readmissions) between
Base and Year 1 demonstrated that there was an increase in the rate of admission among Comparison group members and a decrease in the rate among members of the Intervention group ( Table 2) , and that the difference between the groups was significant when controlling for other covariates (P ¼ 0.0002).
An evaluation of members grouped by initial stratification level found that the mean number of calls to Intervention group members during Year 1 was as follows: level 3, 3.32 calls; level 2, 6.15 calls; and level 1, 10.11 calls. Admission rates, when compared within stratification levels, demonstrated that the overall decrease in Intervention group admission rate was driven by stratification levels 2 and 1, which were the groups with the highest levels of program participation. Intervention and Comparison group members were also divided into subgroups based on their stratification level, sex, and region of residence to allow for comparisons of subsets of members who were the same with respect to these characteristics. The results of this analysis showed that the relationship between the Intervention and Comparison group exhibited in the overall comparison was consistent in nearly all matched group comparisons (data not shown), indicating that the result was consistent with respect to these variables.
Both female and male members in the Intervention group showed significant decreases in admission rate compared to Comparison group members of the same sex, although females had a greater reduction (Table 3) . Intervention group females achieved greater overall reductions in admissions than males with respect to Comparison group members of the same sex. However, after controlling for other covariates, results from multivariate statistical modeling indicated that sex was not a significant predictor of admission rate change from Base to Year 1 (P ¼ 0.2019).
In a comparison of admission rate changes by disease group, shown in Table 4 , the heart failure Intervention population experienced the greatest absolute and relative reduction in admission rates. Intervention group members with diabetes and COPD trended toward a reduction in admissions, but the difference between the groups did not achieve statistical significance.
As a final analysis, we investigated a dose-response relationship between number of care calls and change in admissions. Figure 1 presents the percent change in the admission rate from Base to Year 1 for groups defined by the number of successful calls in Year 1. Overall intervention group results show a progressively greater decrease in admission rate from Base to Year 1 between members who received 2 calls through members who received 6-7 calls. Results from multivariate modeling indicated that number of calls, as categorized in Figure 1 , is a significant predictor of a change in admission rate from Base to Year 1, while controlling for other covariates (P < 0.0001).
Sensitivity testing
Because of the differences in admission rate between the two study groups at baseline, sensitivity analyses were performed to ensure that the results were not an artifact of outliers or regression to the mean. First, a core subpopulation of members with an admission count change ranging from À2 to þ2 (N ¼ 22,074, or 96.0% of the total study population) were evaluated to remove effects of those members with a dramatic increase or decrease in admissions (ie, potential outliers). In this subset analysis, the admission rate decreased by 6.9% in the Intervention group and increased by 14.2% in the Comparison group (P < 0.001). To further ensure that the results reflected actual program impact, the analysis was next limited to a subpopulation of members with either no change in the number of admissions across the study periods, or an increase in admissions. This 1-sided evaluation revealed that the increase in admission rate was 13% lower in the Intervention group than in the Comparison group (data not shown).
Discussion
CCM, often referred to as DM, as typically defined in the United States, is a patient-centered approach to supporting self-efficacy, healthy behavior, and appropriate treatment for the management of the full range of chronic conditions and comorbidities of each member. This approach can be differentiated from the DM programs of the German SHI system that implement standardized care guidelines and protocols into primary care for the purpose of improving the quality of care, and also to provide a means of risk-structure adjusted compensation to insurers. These SHI DM programs are tightly regulated and controlled, providing only limited scope for competitive approaches and are limited by requiring physician participation. 11 In this study, we evaluated the impact of a CCM program, developed and administered by a US health management provider, on the hospitalization rates of members of a private insurer in Germany with chronic disease(s). The primary intervention of the program was telephonic care calls delivered by trained nurse-counselors. All study participants 
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had access to both SHI DM and the program evaluated here; therefore, the goal of the study was to determine the incremental value of telephonic care calls as a part of this program.
The results of our analysis demonstrated that members of the program who engaged in these care calls had a significant reduction in hospital admissions during the first year of the program as compared to members who enrolled in the program but did not interact beyond the initial enrollment call. This finding indicates that participation in care calls reduces the likelihood of inpatient admission in a population that is diverse with respect to disease diagnosis and severity. To our knowledge, this is the first large-scale study of a telephonic CCM program in Germany and provides initial evidence that such scalable programs can be beneficial when delivered in the context of the German health care system.
A challenge we encountered in this retrospective evaluation was the identification of a nonparticipant comparison group that was equivalent to the Intervention group, an issue that is common in the evaluation of CCM programs. 12 Because of the absence of available data from a similar group of individuals who met program eligibility criteria but who were not offered the program, we were limited to constructing the comparison group from members of the health insurance plan who either opted out of the program or who enrolled in the program but did not actively participate. We anticipated that by limiting the study to insured members who actively opted to enroll in the program, the impact of selection bias would be mitigated; however, the differences in the study groups' characteristics-the most noteworthy of which was Base year admission rate-seem to indicate that members self-selected how much (or little) they wanted to NS, nonsignificant; CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease. 1 Rates are presented for qualitative comparisons only and were not used for statistical testing. 
IMPACT OF CHRONIC CARE MANAGEMENT ON ADMISSIONS
interact with the CCM program nurse staff. However, the fact that calls were attempted more frequently for members with greater disease severity also may be a likely cause of the difference between the groups, as evidenced by the fact that members with greater disease severity and recent health care utilization were more likely to have taken a care call. Although these apparent sources of bias introduce a challenge to evaluating program outcomes, the greater severity level of the Intervention group demonstrates that the program effectively reaches and engages the members of the population who are in greatest need of support. Because of the difference in morbidity between the two study groups and an insufficient pool of individuals in the Comparison group to allow for exact or propensity score matching of acceptable fidelity 13 we controlled for the differences between the two groups statistically using regression modeling that adjusts for observable covariates. To improve comparability, we evaluated admission rate changes in subgroups matched on stratification level, sex, and state of residence and found that results were consistent for nearly all subgroups, which provided additional confidence in our result. Further, we compared the groups with respect to stratification level, sex, and disease as separate factors to understand the relationship of these variables to the outcome of interest.
In our evaluation of outcomes by stratification level, results demonstrated that there were significant decreases in admission rates for the Intervention group in stratification levels 2 and 1 compared with the Comparison group; the study groups had similar results among stratification level 3 members. These lower severity members in both study groups had noteworthy increases in admission rates, indicating the presence of latent risk among members of this group that was not identified in the method of risk stratification. The program has since introduced a predictive model that identifies risk stratification level 3 members with a high likelihood of hospitalizations such that their call frequency can be increased and improved outcomes can be achieved. Future analysis will determine the effectiveness of this enhanced targeting approach.
Analysis of specific disease populations indicated that members diagnosed with heart failure achieved greater reductions in admissions (when compared to Comparison group results) than other disease groups. Previous research has established a direct link between nonadherence to diet and medications with an increased likelihood of hospitalization and mortality for patients with heart failure.
14 Our results suggest that heart failure patients who are educated about the warning signs of deteriorating health and who are encouraged to adhere to established standards of care are more likely to take the necessary steps to prevent acute events, such as fluid overload, 15 that result in hospitalization. This was a particularly favorable result in light of the fact that heart failure is the predominant reason for hospitalization in Germany 16 and the rate of heart failure admissions is higher than average compared with other industrialized countries. 17 As a whole, the differential impact of the program on members of different disease groups could be explained in many ways, but there are 2 primary hypotheses for this result. First, heart failure and CHD may be more sensitive to shortterm changes in admissions as a result of the intervention than diabetes or COPD, and longer term studies would reveal significant improvements in these two disease groups. Second, the evaluated program may be more efficacious for certain diseases than for others, or for impacting specific outcomes over others. COPD had the lowest magnitude of impact of any of the disease groups, consistent with the fact that there is mixed evidence concerning the effectiveness of COPD interventions to improve hospitalizations. 18, 19 Future studies should evaluate interventions of longer duration across these diseases, and evaluate the specific treatment elements that are most efficacious for a given disease.
Our evaluation of a potential dose-response relationship between care calls and reductions in admissions found that participation in an increasing number of calls (up to some point) results in a more positive impact on percent change in admissions, after which the effect is saturated. This phenomenon illustrates that instruction on basic care, adherence to medications, and physician follow-up, as advocated during the care calls, may help a patient improve up to a certain point, after which additional contact may not further reduce the event rate but instead help to maintain the improvement. It should be noted that these results are confounded by the fact that members who developed or maintained high disease severity during the course of the program were targeted for more calls. Therefore, the admission rates of members with more calls than the average for their group are expected to reflect a greater likelihood of an acute event, which would warrant the additional calls. Despite these factors that complicate the interpretation of the data, our statistical analysis that accounted for covariates demonstrated that, as a whole, there was a significant relationship between number of calls and decline in admission rate. This result is consistent with previous research demonstrating that an increased frequency of care calls is associated with greater adherence to standards of care among DM participants. 20, 21 The primary limitation of this study was the use of a Comparison group that had a significantly lower rate of admissions during the Base year compared with the Intervention group, which introduces the potential for regression to the mean. This statistical phenomenon describes the propensity of extreme observations to naturally return to a predictable mean value. 22 Further, the admission rate variables had a wide distribution, suggesting that outliers may have impacted the results. We performed sensitivity analyses to help gauge and account for the potential impact of both of these factors on analysis results. Because a significant positive impact of the intervention was demonstrated using only the subset of the study population with a change in admission count of 2 or less and in a 1-sided analysis of the subset with either no change or an increase in admissions, we conclude that the results of the analysis were not primarily driven by either regression to the mean or population outliers.
Results from this study raise other research questions that warrant future investigation. First, although we were able to demonstrate that care calls have an impact on admissions, we have not yet explored the impact of calls on other outcomes of interest, particularly the mediators of admission reduction, health care costs, quality of life, and member satisfaction. Although we evaluated outcomes with respect to severity level, disease, and sex, more work should be done to explore specific member characteristics that might improve the specificity with which the intensity of intervention can be matched to each member's status. This study also revealed that there are numerous individuals who opted into the program but then did not interact with nurses. Because this group has poor outcomes compared with members who do participate in care calls, it is likely that overall program effectiveness would improve if more individuals were actively engaged in the program. Future work should be done to investigate means to improve engagement and the impact of higher engagement on program outcomes.
Limitations
The retrospective nature of this study and limited data availability precluded the creation of a comparison group that was more equivalent to the Intervention group and the development of alternative proxies for morbidity level. Further, the independent and dependent variables in scope for this study were limited by the data that were available for analysis.
Conclusions
In this initial evaluation of a US proactive CCM program delivered in the context of the German health care system, our findings demonstrate that care calls to privately insured individuals with chronic disease succeeded in reducing hospital admission rates compared to members who did not engage in these calls. The fact that the population was not altogether naïve to DM interventions, as delivered through SHI, makes the short-term impact of this program particularly noteworthy. Although beyond the scope for analysis in this study, we anticipate that the identified reduction in hospitalizations was associated with a decrease in medical expenditures and an increase in health-related quality of life among Intervention group members. The results of this study demonstrate the effectiveness of proactive CCM programs at helping individuals better manage their chronic conditions to avoid inpatient hospital admissions.
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